INTRODUCTION
Newcastle disease (ND) is a highly contagious and frequently lethal disease of birds caused by an Avulavirus in the Paramyxoviridae family. The enveloped virus contains a negative sense, singlestranded RNA genome and primarily replicates in the respiratory and gastrointestinal tract. Thus, Newcastle disease virus (NDV) is able to spread between infected and susceptible birds through aerosolised oral/nasal secretions and oral/faecal contact. Clinical signs and the severity of the disease depend on a range of factors including host species, age, immune status and viral characteristics, although gastrointestinal, respiratory and neurological symptoms are typical (Alexander, 2000) .
All NDV strains belong to a single serotype but multiple genotypes and sub-genotypes have emerged over the course of several decades, driven in some part by intensive farming with increasingly high densities of poultry and the use of vaccines. Two classes of virus (I and II) have been defined, but all virulent strains implicated in ND panzootics have emerged from Class II. Class II is further divided into eighteen genotypes (I to XVIII), some containing sub-genotypes, based on genetic distances between viral fusion glycoprotein gene sequences (Diel et al., 2012) . Viruses from Genotype VII have been responsible for the most recent ND panzootic. It originated in Southeast Asia, with the earliest known outbreaks beginning around 1985. Sub-genotypes VIIa to VIIk are presently described (Diel et al., 2012; Molini et al 2017) .
Genotype VIIh emerged in Southeast Asia and has since been identified as the cause of outbreaks in poultry in Malaysia since 2004 (Tan et al., 2010; Choi et al., 2014) , Indonesia since 2007 (Adi et al., 2010; Xiao et al., 2012) , southern China since 2011 , Vietnam since 2011 (Choi et al, 2014) and Cambodia since 2011 (Choi et al., 2013) . The intra-cerebral pathogenicity index (ICPI) in day-old chicks was measured at 1.81 to 1.86 out of a maximum score of 2.0, confirming the high virulence of numerous genotype VIIh strains (Choi et al., 2013) . Genotype VIIh reached the African continent in 2011. An outbreak in vaccinated broiler chickens in December 2011 was detected in
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Maputo province, Mozambique. Between 2012 and 2016 the infection spread from the Maputo province to the Sofala and Zambesia provinces, where outbreaks in vaccinated birds were associated with mortality rates of up to 71%. The outbreak strains were phylogenetically linked to viruses from China, Southeast Asia and a single isolate from South Africa in 2013 (Mapaco et al, 2016) . We report the detection and molecular characterization of genotype VIIh in South Africa, Malawi, Zambia and Zimbabwe. Apart from South Africa, few strains are available for comparison, therefore a combination of epidemiological reports, phylogenetic data and inference of recent common ancestors (RCAs) using time-stamped viral sequences was used to trace the origins and spread of exotic genotype VIIh in the southern African region.
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Library preparation and Illumina sequencing
Transcriptomic libraries were generated as previously described (Abolnik et al 2012) . Nextera libraries were prepared and analysed on an Illumina MiSeq apparatus by the sequencing service provider, Inqaba Biotech (Pretoria). Fusion protein sequences were extracted using an Assemble-ToReference approach in the CLC Genomics Workbench v. 5.1.5 (Qiagen, Aarhus, Denmark) and analysed further in BioEdit. Sequences were aligned and a Maximum Likelihood phylogenetic tree was constructed in MEGA v5.2 (Tamura et al 2011) . Genome sequences were deposited in the GenBank database (Table 1) .
Disease information for the specific countries was retrieved from the World Animal Health Information System (WAHIS), (OIE, 2017) .
Phylogenetic and Molecular clock analysis
Phylogenetic trees of full gene sequences were constructed using the Maximum Likelihood inference in MEGAv5.2.2 software using the HKY model, Nearest Neighbour Interchange heuristic method, a very strong branch swap filter, and 1000 bootstrap replications to assign confidence levels to branches (Tamura et al., 2011) .
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Time-stamped F protein gene sequences for which the months of collection were available (Table 1) were used to calculate dates to the most recent common ancestor. The BEAST program, version 2.3.2 (Drummond et al., 2012) uses a Bayesian Markov chain Monte Carlo (MCMC) approach.
Various clock models and nucleotide substitution models were tested, but ultimately an HKY substitution model with estimated base frequencies, a Gamma site heterogeneity model with four gamma categories, uncorrelated lognormal relaxed clock and coalescent Bayesian skyline tree produced the best results. Uncertainty in the data is reflected in the 95% highest probability density (HPD) values for each parameter estimate, and the chain length was run for 80 million iterations to achieve coverage (effective sample size was >400) as assessed using the Tracer v1.5 program (Drummond et al., 2012) . After 10% of the samples were removed as burn-in, the maximum clade credibility (MCC) phylogenetic tree was estimated from the posterior distribution of trees generated by BEAST using the program TreeAnnotator v2.3.2 (Drummond et al., 2012) . The MCC tree was visualized using the program FigTree v1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/), which allowed us to estimate the times of each individual node.
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RESULTS
NCD in South Africa
Up until the end of 2012 only genotype VIId strains were identified in NCD outbreaks in South Africa (Abolnik, 2017) Province (OIE). None of these cases were submitted to the regional laboratory for F protein gene sequencing at the time.
Genotype VIIh in South Africa was initially confirmed by Sanger sequencing of a partial F protein gene region that was amplified using the oligonucleotide primer pair Alle/Alls described by Wang et al (2001) . However, since this PCR amplifies most genotypes including vaccine strains and requires sequence confirmation of results, a genotype VIIh-specific PCR using the primer pair was developed for rapid diagnosis. Approximately fifty cases of genotype VIIh were confirmed in South Africa using this PCR method (results not shown), and the full F protein sequences were obtained on specific isolates selected for their geographic distribution and collection date ( Table 1) .
The first confirmed cases of genotype VIIh in South Africa were reported almost simultaneously. The index case on 23 August 2013 was detected in a flock of commercial layers displaying mild clinical signs. The location was Lephalale, a town in the Limpopo Province situated about 40km from the Botswana border (Fig. 1) . Three days later, on the 26 th of August, a similar strain was detected in 31-day old free range broilers near Potchefstroom, North West Province, some 400km to the south, and these birds had marked proventricular haemorrhages. The third confirmed case, with significant mortalities, was in 13-day old broilers in Potchefstroom. Raised mortalities were also reported in
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broilers from Viljoenskroon sampled at the beginning of October 2013. On the 24 th of October, a single hen of a flock of four backyard chickens had died, and on necropsy proventricular, gastrointestinal and caecal tonsil haemorrhages were noted. The owner reported that a neighbour's turkey had been observed roosting with the hens, and suspected that the infection had been introduced to his birds in this manner. The isolate made from this hen, N2057, was originally reported as a "turkey" virus (Table 1) . By the beginning of November 2013, genotype VIIh had been confirmed in a flock of commercial layers in Randfontein, and on the 20 th of November the virus was detected in a flock of 20 to 26-day old broilers near the town of Zeerust. The farm manager recorded depression in 30 to 50% of the birds, mild respiratory rales and an increase in mortalities from 25% up to 40%. Severe proventricular and caecal tonsil haemorrhages were observed at necropsy.
Around the same time a dead village chicken from Inchanga (in KwaZulu Natal Province) was submitted for laboratory diagnosis, and genotype VIIh was confirmed. In subsequent months, outbreaks persisted at other locations in these regions, but genotype VIIh subsequently spread throughout the country, presumably through the movements of cull chickens. By the end of 2014, all of South Africa's provinces had reported outbreaks, and these continued, with laboratory confirmation of the sole involvement of genotype VIIh to date ( Fig. 2 ; OIE, 2017).
NCD in Zimbabwe
According to data reported to the OIE, an increased number of NCD outbreaks were reported in July Outbreaks in Zimbabwe continued until 2016, with a substantial increase in cases in commercial operations from July to October 2015 (Figure 2 ). These outbreaks mainly occurred in the Masvingo
Province, but Mashonaland Central was also severely affected by September 2015. The increased incidence of reported cases was mirrored in Botswana in July, Zambia in July and October, and South Africa in November 2015. July to October corresponds to late winter and early spring; the cool, dry windy season usually associated with NCD outbreaks and these climatic conditions are considered by farmers to help the virus spread.
NCD in Zambia
The incidence of NCD outbreaks reported in Zambia started to increase after September 2012
( Figure 2 ). The Copperbelt, Central, Luapula and Southern Provinces were mostly affected, but by early 2013 outbreaks were being reported from all provinces. In the Eastern Province of Zambia, 24 outbreaks were reported in 2015. As a result, sampling took place during active NCD outbreaks in the Chipata, Katete and Chadiza districts. Tracheal and cloacal swabs were collected from 17 dead and clinically sick indigenous chickens with paralysis, green diarrhoea, nasal and oral lacrimation, from which genotype VIIh was confirmed in November 2015. Genotype VIIh was also confirmed in commercial brown-egg layers near Ndola in October 2016. A genotype XIII strain was also however isolated from diseased indigenous backyard chickens in November 2015 , thus the outbreaks that occurred during this period cannot be attributed to solely genotype VIIh.
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NCD in Malawi
The Malawian veterinary authority does not make regular reports of disease incidence to the OIE, and therefore the data is not included in Fig. 2 . In the first six months of 2013, five outbreaks were reported in an unspecified province. A single outbreak in Malawi was reported in the first six months of 2014, but four outbreaks were reported in the second half of that year.
Two outbreaks caused by genotype VIIh in Malawi in September 2015 were confirmed by F protein gene sequencing from samples submitted to a private diagnostic company, MDS Africa (Durban, South Africa). This coincided with the increased outbreaks reported in Zimbabwe's commercial sector in the Mashonaland Central Province during the same period, located less than three hundred kilometres away (Figure 3 ). Both of these Malawi cases were in the Blantyre region of southern Malawi and involved commercial caged layers subjected to routine vaccination programmes including Newcastle disease. Drops in egg production, loss of egg colour and some thin-shelled or shell-less eggs were observed. Mortality was less than 5% with nervous signs and visceral lesions typical of NCD noted in some of the birds.
Circumstantial evidence for genotype VIIh in Botswana
An outbreak in backyard chickens in Serowe (Central Province) was reported to the OIE in early 
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National Veterinary Laboratory declined to participate in the present study, but we anticipate that sequencing of archived samples will confirm these cases as genotype VIIh at a later stage.
Phylogeny and dating of recent common ancestors
Full F protein sequences for all available global genotype VIIh strains were phylogenetically analysed, with representative sequences from southern Africa listed in Table 1 . Vietnamese genotype VIIh strains were not included in the phylogenetic or BEAST analysis because only partial sequences of <300 bp were available (Choi et al., 2014) . 
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DISCUSSION
Southeast Asia represents one of the largest concentrations of commercial and backyard poultry in the world. Mixed poultry production systems with a large portion of the birds raised in backyard farms, and an abundance of live bird markets selling birds of multiple species and ages favours the emergence of genetically diverse virulent NDV isolates, i.e. new sub-genotypes (Miller et al 2015) .
We used a combination of phylogenetic evidence, molecular dating and epidemiological reports to The Port of Maputo is strategically located between industrial areas of Southern Africa and major economic and industrialized regions of Eastern and Southern Asia, with direct road and rail connections to South Africa, Swaziland and Zimbabwe. Mozambique does not officially import dayold chicks from Asia, thus illegal trade was considered to be the likely source of genotype VIIh (Mapaco et al 2016) . Illegal swill dumping that can be scavenged by humans and backyard poultry is another possibility. Mapaco et al (2016) suggested that migratory wild birds should also be considered as a possible source of the infection, through cross-overs occurring between the East
Transboundary and Emerging Diseases -submitted manuscript This study demonstrates how vulnerable African countries remain to exotic sources of infection, and how quickly disease spreads within a region. It is widely accepted that ND is endemic in most African countries, but little attention has been given to establishing the sources and frequency of the introductions of exotic strains. These introductions have a high cost in Africa. Whereas exotic Newcastle disease outbreaks cause serious financial losses to small, medium and large commercial enterprises, ND outbreaks have devastating consequences for the poorest households. Poultry are often raised by women and children, the most vulnerable members of the community. In addition to
providing high-quality protein in the household, income from the sale of poultry is used as a ready means of cash to buy books and other school requirements as poultry can be sold more quickly than other livestock (Songolo and Katongo, 2000) .
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The commercial poultry sector and smaller farming operations in Africa have enormous potential to stimulate socio-economic growth. Likewise, backyard chickens fulfil very important roles in the daily lives of many households. Identifying the sources of outbreaks is a first step in tightening controls, but other interventions are required to prevent and control exotic ND from being introduced and spreading in Africa. Stricter biosecurity controls at borders and ports, more accessible vaccination for small scale farmers and backyard poultry, and raising the public's awareness about how ND is spread and how to safeguard and protect their flocks is required. The identification of important trade hubs where surveillance can be focussed and better engagement of farmers in reporting disease outbreaks has been shown to be an effective way of more rapidly detecting outbreaks in Eastern
Zambia and thus preventing spread of disease . Application of similar strategies in other SADC countries may go a long way to preventing such widespread propagation of Newcastle disease in future. In commercial flocks, more attention is needed to ensure that flocks respond uniformly and with a good immune response to applied vaccination programmes.
